Objective: To determine the rate of progression of mild cognitive impairment (MCI) to dementia with Lewy bodies (DLB).
Neurodegenerative conditions can evolve for many years before a threshold of neuronal loss is reached that triggers the emergence of clinical signs. Our ability to detect the earliest stage of these conditions is critical for purposes of intervening while neuronal viability is still present. Mild cognitive impairment (MCI) was initially characterized by isolated memory impairment and preserved activities of daily living. It is now well established that amnestic MCI most often represents an early stage of Alzheimer disease (AD), 1, 2 with an annual rate of transition in clinical samples ranging from 10% to 17%. [3] [4] [5] Although much work has been done to examine the predictive value of MCI as it relates to AD, very little is known about the predementia MCI stage of dementia with Lewy bodies (DLB). [6] [7] [8] The purpose of this study was to determine the clinical characteristics of patients with MCI at increased risk of DLB, and to quantify the annual rate of progression from MCI to probable DLB in a clinical referral sample.
When dementia severity is mild or mild to moderate, cognitive comparisons reveal a consistent dissociation between clinically probable AD and DLB. This is characterized by early memory and naming deficits with relatively preserved attention and visuospatial skills in AD, and impaired attention and visuospatial skills with better memory and naming in DLB. [9] [10] [11] We hypothesized that nonamnestic MCI would predict a greater risk of the development of DLB but not AD. METHODS Clinical assessment. Consecutive patients who were followed longitudinally, seen at least twice, and who had a baseline diagnosis of MCI were categorized into 4 subtypes (amnestic, nonamnestic, multidomain amnestic, multidomain nonamnestic). 3 Patients were recruited from the Mayo Clinic Alzheimer's Disease Research Center, and were excluded if cognitive difficulties could be explained by nonneurodegenerative conditions (e.g., stroke, neoplasm, head injury, hydrocephalus, or medical conditions).
The Mini-Mental State Examination (MMSE), 12 and the Clinical Dementia Rating Scale 13 were administered to obtain a general measure of dementia severity. All participants underwent an annual neurocognitive evaluation to establish the presence or absence of formal cognitive impairment in one or more cognitive domains. 1, 3 This included 10 tests to assess the following domains using Mayo age-adjusted norms [14] [15] [16] [17] [18] : 1) memory (delayed recall from the logical memory subtest from the Wechsler Memory Scale-Revised, delayed recall from the Auditory Verbal Learning Test); 2) attention/executive (Trail Making Test A and B, Stroop Color Word Test); 3) visual spatial/perceptual skills (Rey Complex Figure Copy, Block Design subtest from the Wechsler Adult Intelligence Scale-Revised, Judgment of Line Orientation); and 4) language (Boston Naming Test, Controlled Oral Word Association, Semantic Fluency). Performance was considered impaired if scores were 1.5 SDs below the mean in at least one cognitive test within a domain.
Each patient had an annual neurologic examination that typically occurred the same week as the neurocognitive evaluation, and included the Unified Parkinson's Disease Rating Scale (UPDRS). 19 Estimated onset of cognitive symptoms was based on informant report. The patient's ability to manage functional activities of daily living was assessed through a clinical interview and by informant report using the Record of Independent Living 20 (used from 2000 to 2005) or the Functional Activities Questionnaire 21 (used since 2005) . Other standardized informant questionnaires obtained annually included the Mayo Sleep Questionnaire, 22 the Epworth Sleepiness Scale, 23 and the Mayo Fluctuations Scale. 24 Designation of MCI and its subtypes was based on cognitive test performance and assessment of the patient's capacity to manage complex activities of daily living, but not on the MMSE or Clinical Dementia Rating score. A clinical diagnosis was determined annually by a consensus of neurologists and neuropsychologists, including quarterly dual-site consensus conferences (the Mayo Alzheimer's Disease Research Center sites in Rochester, MN, and Jacksonville, FL). The diagnosis of probable DLB was made according to the Third Report of the DLB Consortium Criteria for DLB, and required dementia plus 2 of 4 clinical features (visual hallucinations, fluctuations, parkinsonism, and REM sleep behavior disorder [RBD]). 25, 26 Established diagnostic criteria for clinically probable AD, frontotemporal dementia, and MCI were used. 3, [27] [28] [29] Standard protocol approvals, registrations, and patient consents. This study was approved by the Mayo Clinic Institutional Review Board, and informed consent for participation was obtained from every subject and a surrogate.
Neuropathology. A subset of patients was followed to autopsy with standardized neuropathologic assessment, including macroscopic and microscopic evaluation, with assignment of a pathologic diagnosis using current criteria. Braak neurofibrillary tangle (NFT) stage was identified using thioflavin-S microscopy or Bielschowsky silver stain. Neuritic and diffuse plaques were classified according to the National Institute on Aging-Reagan criteria. 30 The subtypes of Lewy body pathology (diffuse vs transitional) were determined on the basis of Lewy body counts using a polyclonal antibody to a-synuclein. Those with diffuse Lewy body pathology in the neocortex, limbic, and brainstem are referred to as DLBD, and those with limbic and brainstem Lewy body pathology as TLBD. Individuals who met criteria for AD and who had Lewy bodies restricted to the amygdala were classified as AD with amygdala-predominant Lewy bodies (ALB). 31 Statistical analysis. We compared the MCI groups who remained as MCI with those who progressed to dementia (AD and DLB) using x 2 tests for qualitative variables. One-way analysis of variance with post hoc analysis was performed for comparison of the 3 groups, and repeated-measures analysis of variance for comparisons at 2 points in time. A survival model that allowed for competing risks was used to estimate the cumulative incidence of either clinically probable DLB or AD among the amnestic and nonamnestic MCI groups. Incidence density methods were used to estimate rate of progression as the expected number of events per 100 person-years of follow-up, and proportional hazards models were used to test for differences in dementia risks by MCI type. In all of these survival analyses, when we estimated quantities for a dementia outcome, we used the other dementia outcome as a competing risk. 32 RESULTS Demographic and clinical features. Of 337 patients with MCI, 10 developed either frontotemporal dementia or sustained a cerebrovascular accident, and these patients were excluded from subsequent analyses.
At the baseline evaluation, none of the patients met criteria for Parkinson disease, which requires at least 2 of 4 cardinal features (bradykinesia, rigidity, tremor, postural instability). Of 327 patients, 278 had amnestic MCI and 49 had nonamnestic MCI (see table 1), and patients were followed annually for up to 12 years, with a mean 6 SD follow-up of 4.6 6 2.7 years (see table 2 ). A subset of patients remained as MCI, and although MCI subtype may vary, this group is referred to as stable MCI.
At least 1 year before the estimated onset of cognitive difficulty, 22 of 49 of those who developed probable DLB had one singular DLB core feature, typically RBD (see table 3 ). Only 4 individuals who later developed DLB had 2 of the core features of parkinsonism, visual hallucinations, or RBD before cognitive onset.
Demographic data are presented in table 2. Those with MCI who transitioned to DLB were disproportionately male. There was no difference in baseline age, minority status, or dementia severity compared with those who developed clinically probable AD. Not surprisingly, the MCI groups who developed dementia showed a decline in MMSE score from the initial evaluation to dementia diagnosis (baseline MMSE mean 26 6 2 vs dementia diagnosis MMSE mean 23 6 3, F 5 151, p , 0.001). The stable MCI group showed a mild decline in MMSE scores between baseline and the last evaluation (baseline MMSE mean 27 6 2 vs last MMSE mean 26.7 6 3, F 5 4.9, p , 0.03). Only the DLB group showed an increase in motor signs over time (baseline UPDRS mean 4.9 6 4 vs dementia diagnosis UPDRS mean 9.6 6 6, F 5 130.2, p , 0.001).
At baseline, a history of probable RBD was found in 80% of those with MCI who developed probable DLB compared with 8% in those who developed clinically probable AD. The patients with MCI who developed DLB were also more likely to have baseline fluctuations, daytime sleepiness, and subtle, but measurable, extrapyramidal signs (see table 2 ).
During the longitudinal follow-up, 21 patients (6%) showed instability in their diagnosis and reverted from dementia back to MCI, or from MCI back to normal. In this group, the mean follow-up was 6 6 3 years, and 10 of these patients progressed to the MCI or dementia stage.
Rates of progression to DLB or AD. The mean time to develop dementia from the MCI baseline evaluation was 3.1 6 2 years for clinically probable AD, and 2.6 6 2 years for DLB (p 5 0.096). Single and multidomain MCI were pooled into the classifications of amnestic and nonamnestic MCI. Survival curves reflecting the cumulative incidence of transitions from the amnestic and nonamnestic MCI groups to clinically probable DLB or AD, with each outcome serving as a competing risk for the other, are illustrated in figure 1. Incidence density estimate of the annualized competing risk of transitioning from nonamnestic MCI to probable DLB was 20% (20 per 100 person-years, 95% confidence interval [CI] 15.3-27.5) compared with 1.6% to probable AD (1.6 per 100 person-years, 95% CI 0.61-4.3). In contrast, the annual relative competing risk of amnestic MCI to DLB was 1.5% (1.5 per 100 person-years, 95% CI 1.0-2.2) compared with 17% to clinically probable AD (17 per 100 person-years, 95% CI 14.9-19.4). Thus, in a clinical sample, it is 10 times more likely for amnestic MCI to progress to clinically probable AD than DLB, and the risk is 10 times greater for nonamnestic MCI to progress to clinically probable DLB than AD. Although nonamnestic MCI transitioned to DLB at a rate that was 1.21 times faster than that of amnestic MCI transitioning to clinically probable AD, this difference is not statistically significant (95% CI 0.88-1.66, p 5 0.25).
The cumulative proportion of patients with nonamnestic MCI who developed probable DLB by 4-year follow-up was 45% and by 10-year follow-up was 59%; 2% developed clinically probable AD by 4-year follow-up and 5% by 10-year follow-up. In contrast, the cumulative proportion of clinically probable AD among amnestic MCI was 40% at 4-year follow-up and 56% at 10-year follow-up; 5% developed probable DLB by 4-year follow-up and 6% by 10-year follow-up.
MCI subtypes: Progression to DLB and AD. Almost 75% of this clinical sample had single-domain amnestic MCI, and in accordance, more patients transitioned to clinically probable AD (see table 2 ). Of those who progressed from MCI to clinically probable AD, 99% had memory involvement at their baseline MCI diagnosis (see figure 2 ). Of that 99%, 90% presented with single-domain amnestic MCI at their initial evaluation. In contrast, 88% of those who developed DLB had a baseline MCI diagnosis comprising attention and/or visuospatial impairment (see figure 2 ). Of that 88%, 63.5% had attention or visuospatial deficits without a memory problem, and about a quarter of those (24.5%) had memory plus an attention or visual processing deficit at initial MCI diagnosis.
Neuropathology of MCI and dementia. The percentages of deaths are presented in table 2. Those who met clinical criteria for probable DLB had a younger age at death compared with clinically probable AD and with stable MCI. In the clinically probable DLB group, 18 of 24 came to autopsy, and pathologic examination revealed 10 with DLBD, 4 with TLBD, 1 with multiple system atrophy, 2 AD with ALB, and 1 with AD plus subcortical lacunar infarcts. The patient with AD and subcortical lacunar infarcts had single-domain nonamnestic MCI in the language domain at baseline, and the 2 AD with ALB had multidomain amnestic MCI at baseline. Of the 14 patients with autopsy-confirmed DLBD or TLBD, 53% had a Braak NFT stage #IV and all had attention or visuospatial deficits (4 had concomitant memory involvement at baseline).
In the group of patients with MCI who progressed to a clinical diagnosis of clinically probable AD, there were 50 deaths and 30 of those came to autopsy. Of these 30, 20 had pure AD, 4 had AD with ALB, 5 had DLBD, and 1 had TLBD. In those with DLBD and TLBD, 3 had a single core DLB feature (1 had parkinsonism, 2 had probable RBD), and each had a Braak NFT stage .IV. In those with AD or AD with ALB, 83% had a Braak NFT stage .IV.
In the stable MCI group, 32 died at follow-up with a diagnosis of MCI, and 7 came to autopsy (all had single-domain amnestic MCI). Pathologic diagnoses included 1 with hippocampal sclerosis/vascular disease (Braak NFT stage III), 5 with pure AD (Braak NFT stage V), and 1 with AD and argyrophilic grain disease (Braak NFT stage V).
DISCUSSION In a clinical sample of patients with MCI followed longitudinally, those with nonamnestic MCI were 10 times more likely to develop clinically probable DLB compared with clinically probable AD, whereas those with amnestic MCI were 10 times more likely to develop clinically probable AD. The annual rate of transition from nonamnestic MCI was 20% to probable DLB and 1.6% to Table 3 Core DLB features present at least 1 year before estimated cognitive onset clinically probable AD, and from amnestic MCI was 17% to clinically probable AD and 1.5% to probable DLB. These data imply that those who present to a clinical referral center with nonamnestic MCI are at a substantially higher risk of developing DLB than clinically probable AD. Of those who progressed to clinically probable AD, 90% had single-domain amnestic MCI, 9% had multidomain amnestic MCI, and only 1% had nonamnestic MCI. This is consistent with other studies indicating that amnestic MCI typically represents early-stage AD. 2, 33 Of those who progressed to clinically probable DLB, 88% presented initially with attention and/or visuospatial impairment, and 24.5% of that group had concomitant memory difficulty. These data are consistent with prior reports indicating a more mixed representation of MCI subtypes that predict transition to non-AD dementia. 6, 7, 34, 35 Despite the heterogeneity, these findings indicate that the well-established pattern of attention and visuospatial deficits in mild to moderate DLB 11 are also present in the MCI stage of DLB. Although singledomain amnestic MCI rarely progressed to probable DLB, memory impairment did occur in the context of multidomain MCI progressing to probable DLB. The degree to which memory deficits in DLB are attributable to Alzheimer-type pathology, or to attention-related deficits in encoding and retrieval, needs to be investigated.
Approximately 6% of the clinical sample reverted back to either an MCI or normal diagnosis at some point during longitudinal follow-up. While instability of the MCI diagnosis occurs, many evolve back to MCI or progress to dementia. 36 By 4 years of follow-up, a little less than half the sample developed some type of dementia and by 10 years of follow-up, the cumulative proportion of the MCI sample that developed dementia was 63% (deaths during the MCI stage accounting for 28%). Thus, even though MCI predicts dementia, patients are not certain to develop dementia even 10 years after their initial MCI diagnosis. Nonetheless, of those who underwent autopsy, individuals who died during the singledomain amnestic MCI stage tended to have pathology consistent with AD.
During the MCI stage of DLB, patients were more likely to have a history of RBD, greater overall daytime sleepiness, and greater likelihood of fluctuations. At the initial MCI diagnosis, none of the patients met criteria for Parkinson disease (2 of 4 cardinal parkinsonian features), but baseline and follow-up UPDRS scores were higher in those who developed DLB compared with clinically probable AD or stable MCI groups. Subtle parkinsonism has also been reported in "idiopathic" RBD, which is associated with elevated predictive risk of DLB and PD. 26, 37 This suggests that some core DLB clinical features may emerge before the cognitive and functional impairment constitutes a dementia syndrome.
Neuropathologic examination revealed that 14 of 18 of those who progressed to clinically probable DLB had autopsy-confirmed Lewy body disease, and 24 of 30 of those who developed clinically probable AD had autopsy-confirmed AD or AD with ALB. Of the false-positive AD diagnoses, 6 had TLBD or DLBD (3 had one core DLB clinical feature). Clearly, further study is needed to improve diagnostic accuracy. Conversely, in those with autopsy-confirmed Lewy body disease, 47% had co-occurring AD pathology. How AD pathology contributes to the DLB clinical presentation is not yet known, but voxel-based morphometry and functional imaging during life may be useful in identifying antemortem AD pathology and its relationship to DLB subtypes. 38 In the clinically probable AD group, 8% had a history of probable RBD without evidence of other core DLB features. Two of these patients had postmortem studies and both had DLBD. Because idiopathic RBD can precede the onset of DLB by many years, 39 this raises the question of whether a history of probable RBD in the context of dementia should be diagnosed as DLB in the absence of other core features, even in the presence of memory impairment. With the current DLB criteria, patients with RBD and dementia may incorrectly be designated as clinically probable AD. This study has several limitations, most apparent of which are the modest sample size and the greater proportion of amnestic MCI cases. This may reflect the greater prevalence of clinically probable AD compared with DLB, but may be indicative of an unintended ascertainment bias because this sample largely reflects referrals to behavioral neurology clinics. It would be helpful to broaden the nonamnestic MCI sample representation and determine whether the predictive relationship between nonamnestic MCI and probable DLB in a clinical setting is reliably confirmed. Also, because rates of progression are typically lower in community samples, 40 epidemiologic studies that examine the transition from MCI to DLB are needed. In addition, the clinical diagnosis of clinically probable AD is heavily influenced by cognitive MCI subtype, and although formal criteria were used to diagnose dementia, it is important to be transparent about the strong relationship between memory impairment and a diagnosis of clinically probable AD. As such, pathologic confirmation is critical to clarify the relationship between MCI and evolving dementia. 
